Objective: The aim of the study was to determine the expression profile of long noncoding RNAs (lncRNAs) in CD4 + T cells from COPD patients and explore the clinical value of the lncRNAs.
Introduction
COPD is a global health problem that is characterized by poor reversible airflow limitation. COPD can induce systemic inflammation and lead to loss of lung function. 1, 2 Systemic inflammation biomarkers, such as IL-6, 3 tumor necrosis factor receptor 2, 4 and IL-17a, 5 have been shown to be elevated in patients with COPD. Identification of additional blood biomarkers would be helpful for us to manage and treat the patients with COPD.
Approximately 2% of the mammalian genome comprises protein-coding genes, and 75%-90% of the genome is transcribed as noncoding RNAs. Long noncoding RNA (lncRNA) is one type of noncoding RNA, which is always capped,
Dovepress

700
Qi et al polyadenylated, and spliced. 6 Recent studies have reported that some lncRNAs can regulate gene transcription 7 and methylation. 8 Previous studies have shown that some lncRNAs may be potential biomarkers for the diagnosis and prognostication of COPD. A study from Qu et al 9 found that lncRNA ENST00000502883.1 was downregulated in peripheral blood mononuclear cells of patients with COPD, and it might affect CXCL16 expression and consequently peripheral blood mononuclear cell (PBMC) recruitment. However, most lncRNAs express in specific cell types and have less conservation compared with protein-coding RNAs (http://www.noncode.org, http://www.lncrnadb.org). It is still necessary to clarify the effects of lncRNA on special cells (such as CD4 + or CD8 + T cells) from COPD patients. CD4
+ T cells, such as CD4 + central memory T cells, 10 CD4 + Th17 cells, 11 and CD4
(+)
CD25
(high) CD127 (-) regulatory T cells, 12 play pivotal roles in COPD. Moreover, Roberts et al 13 suggested that COPD phenotypes might be further differentiated based on blood CD4 + T-cell profiles and resultant immune responses. Thus, in this study, we focused on lncRNAs in CD4 + T cells from the PBMC of COPD patients and analyzed their potential roles by biological software analysis.
Methods study population
A total of 56 patients with acute exacerbations of COPD (AECOPD), 56 patients with stable COPD, and 35 controls were included in our study. The clinical characteristics of them are described in Table 1 . AECOPD and stable COPD patients were diagnosed according to the criteria established by the NHLBI/WHO Global Initiative for COPD.
14 Patients were defined as AECOPD on the condition that they required hospital admission to Tongji Hospital (Wuhan, Hubei). Stable COPD patients were recruited from outpatient clinics. Stable COPD was defined as the absence of exacerbations of COPD necessitating hospital admission, oral corticosteroids, or antibiotics during the previous 3 months. Control subjects who matched to the total COPD patients were recruited from the general health check-up center in Tongji Hospital. All of the subjects were recruited between January 2016 and March 2017. Subjects were excluded if they suffered from asthma, other obstructive lung diseases, or tumors. Approximately 10 mL of blood samples was collected from all participants.
This study was conducted in compliance with the institutional policy regarding the protection of patients' private information and approved by the Ethical Committee of Tongji Hospital, Huazhong University of Science and Technology (IRB ID:20140415). The study was conducted in accordance with the Declaration of Helsinki. Written informed consent was obtained from all participants. Sample collection and all of the experimental methods in our study were carried out in accordance with the approved guidelines.
CD4
+ T-cell isolation and total rna extraction
+ T cells from each participant were isolated using density centrifugation and magnetic beads isolation. Briefly, the diluted blood was carefully layered onto Ficoll-Hypaque gradient (TBD, Tianjin, China). The PBMC layer was obtained after centrifugation at 800× g for 25 minutes. CD4 + T cells were isolated from PBMCs by negative selection using MagSelect Human CD4 + T Cell Isolation Kit (R&D systems, Minneapolis, MN, USA) according to the manufacturer's instruction. PBMCs were incubated with MagSelect Streptavidin Ferrofluid after labeling with negative selection biotinylated antibodies. CD4 + T cells were enriched by depletion of unwanted cells using MagSelect magnet (R&D systems). Flow cytometric analysis showed that the purity of the isolated CD4 + T cells was more than 90%. Then the cells were frozen in TRIzol agent (Takara, Dalian, China) Microarray analysis and quantitative real-time reverse transcription-PCr (qrT-PCr)
Arraystar human lncRNA microarray V3.0 (Array-Star, Rockville, MD, USA) contains the transcripts from authoritative public transcription database, and was designed for the global profiling of human lncRNAs and mRNAs. The microarray work was completed by KangChen Bio-tech (Shanghai, China).
QRT-PCR was performed to determine the relative expression levels of lncRNAs and genes. Primescript RT regent kit (TaKaRa, Dalian, Japan) was used for the reverse transcriptase (RT) reaction. In brief, the RT reaction was performed for 15 minutes at 37°C, followed by 5 seconds at 85°C and 1 minute at 4°C with Prime Script RT Master Mix. The qRT-PCR was performed to quantify the expression of lncRNAs using an ABI Prism 7900 Real-Time System (Applied Biosystems, Foster City, CA, USA) with SYBR Premix Ex Taq (Takara). The primers used in the qRT-PCR were designed by Ribo Bio-tech (Guangzhou, China) and are shown in Table 2 . β-actin was used as an internal control. The data were analyzed using the 2 -∆∆Ct (∆∆Ct = [mean Ct value 
gO and Kegg pathway analyses
Gene Ontology (GO) analysis is a functional analysis associating differentially expressed mRNAs with GO categories. The GO categories are derived from GO database (www.geneontology.org), which is comprised of three domains that describe gene product attributes. Besides, based on the latest Kyoto Encyclopedia of Genes and Genomes (KEGG) database, we performed pathway analysis for differentially expressed mRNAs. KEGG analysis provided the biological pathways that showed significant enrichment of differentially expressed mRNAs. The P-value denoted the significance of the pathway. The lower the P-value, the more significant the GO term and the pathway (the P-value cut-off was 0.05).
lncrna-mrna co-expression network analysis
LncRNA-mRNA network was built to identify the coexpression relationship between mRNA and lncRNA according to the normalized signal intensity. We calculated the Pearson correlation coefficient and P-value for each pair of mRNA-lncRNA. Significant correlation pairs (P,0.05, Pearson correlation coefficient .0.9) were chosen to construct the network.
Competing endogenous rna (cerna) network analysis
We identified mRNAs that were targeted by lncRNA-targeting microRNAs based on microRNA response elements (MREs). All potential MREs were searched based on the sequences of lncRNAs and mRNAs by miRBase V19. Then, we calculated mutually targeted MRE enrichment (MuTaME) scores for the predicted mRNAs. The higher score of an mRNA means there is a higher probability for this mRNA to be a putative ceRNA.
statistical analysis
Data were presented as the mean ± SEM. Statistical analyses were performed using Prism 5 software (GraphPad Software Inc., San Diego, CA, USA). Normally distributed data were analyzed using one-way ANOVA with Tukey correction to compare across groups. 
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Qi et al performed to evaluate the diagnostic value of lncRNAs that were dysregulated in the CD4 + T cells. Correlation analysis was performed using Spearman's rank order correlation. All data were analyzed using two-tailed tests, and P,0.05 was considered to indicate a statistically significant difference.
Results
Information of the subjects
A total of 56 AECOPD patients, 56 stable COPD patients, and 35 control subjects were included in this study. There were no significant differences in age, gender, or smoking history among the three groups. In this study, COPD patients were obviously worse in terms of pulmonary function, including FEV 1 , FEV 1 /FVC, and FEV 1 % than the control subjects. However, the pulmonary function data of AECOPD patients were not available because of the failure to cooperate with the examination. The baseline characteristics of all study participants are presented in Table 1 .
LncRNA and mRNA expression profiling
To identify the differentially expressed lncRNAs (DElncRNA) in COPD, we performed microarray analysis in the CD4 + T cells from five AECOPD patients, five stable COPD patients, and five age-and sex-matched control subjects. Heat maps and scatter plots were built to show the DElncRNAs between different groups. The scatter plots showed there were 1,517 DElncRNAs between AECOPD and control, 2,284 DElncRNAs between AECOPD and stable COPD, and 1,517 DElncRNAs between stable COPD and control groups (Figure 1) . The data of the mRNA are shown in Figure S1F -H.
Venn diagram and validation of Delncrnas by qrT-PCr
Venn diagram indicates the number of overlapping and nonoverlapping DElncRNAs between the different groups ( Figure 2A ). We focused on the lncRNAs which were upregulated and differentially expressed in the AECOPD group 
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Qi et al compared with the stable COPD group and normal controls. Based on their P-value (,0.05) and fold changes (.2), four lncRNAs were selected for validation. An independent set of samples from 51 AECOPD patients, 51 stable COPD patients, and 30 control subjects was used to verify the four candidate lncRNAs by qRT-PCR. The relative expression levels of ENST00000447867 and NR-026690 in the CD4 + T cells of AECOPD patients were significantly higher than in the stable COPD patients and control subjects, which is consistent with the data from the microarray analysis ( Figure 2B ). However, the other candidate lncRNAs did not show remarkable differences between the different groups (data not shown).
ROC curve analysis of confirmed lncRNAs
ROC curve analysis was performed to investigate the diagnostic value of differentially expressed lncRNAs. We found that the area under the curve (AUC) for NR-026690 (AUC =0.7570, 95% CI: 0.6455-0.8685, P,0.05) was higher than for ENST00000447867 (AUC =0.7213, 95% CI: 0.5849-0.8577, P,0.05), when comparing AECOPD with control. So was the comparison between AECOPD and stable COPD, with the AUC for NR-026690 (AUC =0.8377, 95% CI: 0.7672-0.9082, P,0.0001) and ENST00000447867 (AUC =0.6665, 95% CI: 0.5573-0.7756, P,0.05) shown in Figure 2C . Therefore, NR-026690 might be more useful as a biomarker to distinguish AECOPD from stable COPD and controls.
lncrna-mrna co-expression network
It has been proposed that genes with the same function or in the same pathway would be co-expressed, and co-expressed network has been used to predict the potential function of lncRNAs based on this hypothesis. Co-expression network analysis was performed between the two lncRNAs and 919 differentially expressed mRNAs, with a threshold P,0.05 and Pearson correlation coefficient .0.9 ( Figure 3A) . We found 158 mRNAs co-expressing with ENST00000447867 and 135 mRNAs co-expressing with NR-026690. Furthermore, Venn diagram showed there were 125 mRNAs involved in the overlap of the two parts ( Figure 3B ).
gO and Kegg pathway analyses
LncRNAs can regulate the function of coding genes. Thus, GO enrichment analysis of differentially expressed mRNAs may partially reveal the role of aberrantly expressed lncRNAs. GO analysis covers the biological processes (BP), cellular components (CC), and molecular function (MF) of protein-coding mRNAs, since no comprehensive annotation database is available for categorizing lncRNAs. A total of 125 mRNAs which formed the overlapping part of the co-expression network were included in GO analyses and the top ten enriched GO terms are listed in Figure 4A . Regulation of T-helper 17 type immune response, negative regulation of T-helper cell differentiation, and regulation of T-helper 17 cell differentiation belonged to the top ten most enriched 
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Qi et al items in the BP part. Moreover, dopamine neurotransmitter receptor activity and cAMP binding were involved in the MF part. It is notable that dopamine neurotransmitter receptors regulate CD4 + T cell activation and differentiation by cAMP production.
KEGG pathway analysis identified the enriched pathways corresponding to the overlapping mRNAs, and the top ten pathways are shown in Figure 4B . In the pathway analysis, horizontal axis represented the enrichment of pathway. The higher value meant the better enrichment. The color of node represented the P-value, and the more the genes were enriched in this pathway, the bigger was the node size. The most significantly enriched one was the cAMP signaling pathway which was consistent with the GO analysis.
Cerna analysis
CeRNAs are involved in the regulatory mechanism between noncoding RNAs and coding RNAs based on shared MREs. We constructed the ceRNA network based on the microarray data and database. The potential target genes which might be regulated by NR-026690 and ENST00000447867 were identified by Venn diagram. Venn diagram showed the overlap of the mRNAs predicted by ceRNA analysis and co-expressed mRNAs of specific lncRNA. As shown in Figure 5A , the most potential targets of NR-026690 and ENST00000447867 were DCX, RAPGEF3, and UBOX5. We found that RAPGEF3 was involved in the cAMP signaling pathway and the development of COPD. Thus, the NR-026690 and ENST00000447867-miRNAs-RAPGEF3 network was separated from the original ceRNA network to make it easier to identify ( Figure 5B ).
The expression of raPgeF3 and cytokines in CD4
+ T cells of COPD patients and correlation of raPgeF3 and cytokines with lncrnas
The transcriptional expression level of RAPGEF3 in CD4 + T cells was significantly higher in the AECOPD group compared to the control group (P,0.01) and stable COPD group (P,0.05) ( Figure 6A ), but it was similar between the control group and the stable COPD group. Spearman's correlation test was conducted between RAPGEF3 and verified DElncRNAs in the AECOPD group. We found that RAP-GEF3 was positively associated with NR-026690 (r=0.4925, P,0.01, Figure 6B ) and ENST00000447867 (r=0.4065, P,0.01, Figure 6C ). We also detected the expression of classical cytokines in different groups. The result showed that the expression of IL-17A, IL-6, and TNF-α was higher in the AECOPD group compared with controls and stable COPD group. IL-10 was significant lower in AECOPD group, and no statistical difference was found in the expression of IL-4 between different groups. The data are shown in Figure S1 . Spearman's correlation test was performed between cytokines and verified DElncRNAs in the AECOPD group, but we did not find significant correlation between them. The results are presented in Table 3 . 
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Discussion
In a previous study, the aberrant expressions of lncRNAs and mRNAs in the lung tissue of COPD patients were revealed by Bi et al. 15 Based on the microarray and bioinformatics analyses, they concluded that the altered expression of lncRNAs might take part in pathways implicated in COPD onset and progression. Tang et al found that lncRNAs might act as potential diagnostic biomarker for patients with COPD. 16 In addition, lncRNA TUG1 was found to inhibit proliferation with TGF-beta induction in BEAS-2B and HLF1 cell lines. 16 In addition, lncRNAs might mediate the SIRT1/FoxO3a and SIRT1/p53 signaling pathways and regulate type II alveolar epithelial cell senescence in COPD patients. 17 Previous studies have mainly focused on the lung tissue of COPD patients. However, inflammation mediated by T cells has been identified as a key component of COPD. 18 Therefore, CD4 + T cells were selected as research objective in our study, which has not been discussed before.
In the present study, we first conducted a microarray analysis to explore the lncRNA and mRNA expression profiles in 
CD4
+ T cells of peripheral blood from AECOPD patients and stable COPD patients. Compared with control subjects, the expression patterns of lncRNAs and mRNAs were profoundly altered in the COPD groups. We noticed that the expression profile of one of AECOPD patients was rather different from other AECOPD patients. However, we did not find any difference in the clinical features between this patient and other patients. So, the results might be caused by the heterogeneity of the disease which we did not distinguish. Then, we performed qRT-PCR to verify the expression of selected lncRNAs. The results showed that the expression of NR-026690 and ENST00000447867 was significantly higher in the AECOPD patients compared with stable COPD patients and control subjects. ROC curve analysis showed that NR-026690 and ENST00000447867 could be potential diagnostic biomarkers to distinguish AECOPD from stable COPD and control subjects.
Based on the lncRNA-mRNA co-expression network, GO and KEGG pathway analyses were utilized to study the differentially co-expressed mRNAs which partially showed the function of specific lncRNAs. The result of GO analysis showed that the differentially co-expressed mRNAs were closely related with BP, such as regulation of the T-helper 17 cell immune response 19, 20 and negative regulation of CD4 + T cell. 21, 22 These items were in accordance with the function of CD4 + T cell in COPD. However, Spearman's rank correlation test did not show relationship between the expression of lncRNAs and cytokines. The expression of cytokines can be regulated by many factors and lncRNAs may be one of them. In addition, lncRNAs might take part in the CD4 + T cell immune response in other ways. So, further studies are needed to explore this. For the KEGG pathway analysis, the cAMP signaling pathway was enriched which agreed with the GO analysis. 
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The role of lncRNAs as ceRNAs has been extensively studied in various cancers, including lung cancer, 23 gastric cancer, 24 and hepatocellular carcinoma, 25 but the relevance of lncRNAs serving as ceRNAs in COPD has rarely been studied. In this study, we performed lncRNAmRNA co-expression network and ceRNA analyses to investigate the possible target mRNAs of differentially expressed lncRNAs. Due to similarity of the expression pattern and co-expressed mRNAs between NR-026690 and ENST00000447867, we combined the data of the two lncRNAs and we found three possible targeted genes: DCX, RAPGEF3, and UBOX5.
RAPGEF3, also known as EPAC1, is a Rap1 guanine nucleotide-exchange factor activated by cyclic AMP which is a prototypic second messenger mediating signaling pathway related to many human diseases including cancer, 26 immunological diseases, 27 and cardiac dysfunction. 28 In a previous study, RAPGEF3-Rac1 signaling was involved in increased endothelial permeability resulting from Krüppel-like factor 2 in acute respiratory distress syndrome. 29 In another study, EPAC attenuated cigarette smoke extractinduced IL-8 release from human airway smooth muscle cells, 30 which is crucial for the development of COPD. We found that the transcriptional level of RAPGEF3 in CD4 + T cells of the AECOPD group was significantly higher than the stable COPD group and control, which was consistent with the microarray data. However, the result was the opposite of the finding in human airway smooth muscle. This might be caused by the different cell types. The transcript expression of RAPGEF3 was positively related with NR-026690 and ENST00000447867. The data indicated that NR-026690 and ENST00000447867 might regulate the expression of RAPGEF3 via miRNA and take part in acute exacerbation of COPD.
Conclusion
The present study revealed the expression profiles of lncRNAs and mRNAs in AECOPD and stable COPD. The result demonstrated that lncRNAs were aberrantly expressed in different states of COPD. Our study validated the significant upregulation of NR-026690 and ENST00000447867, suggesting their potential use as novel biomarkers for diagnosis. In the future, it is necessary to investigate the detailed molecular mechanisms by which lncRNAs (NR-026690 and ENST00000447867) function as miRNA sponges to influence RAPGEF3 and to regulate COPD development.
